Docetaxel, cisplatin, and 5-fluorouracil (DCF) significantly improved overall survival in metastatic gastroesophageal adenocarcinoma (GEA). The aim of this study was to assess efficacy of DCF regimen as perioperative chemotherapy compared with surgery alone in patients with resectable GEA. We identified 789 patients who underwent surgery alone and 62 patients who received at least one cycle of DCF regimen consisting of docetaxel (75 mg/m 2 on day 1), cisplatin (75 mg/m 2 on day 1), and 5-fluorouracil (750 mg/m 2 /day on continuous perfusion on days 1 to 5), every 3 weeks. Overall survival was compared using Cox proportional hazards regression model with adjustments for confounding factors provided by two propensity score methods: inverse probability of treatment weighting (IPTW) and matched-pair analysis. In Cox multivariate analysis weighted by IPTW, DCF group was associated with favorable overall survival (OS) compared with the surgery group (HR = 0.59; 95% CI, 0.45-0.78; P = 0.0003). For the matched-pair analysis (comparing 41 patients for each group with the same baseline characteristics), median OS was 22 months and 57 months for the surgery group and DCF group, respectively (log-rank P = 0.0011). In Cox multivariate analysis, DCF group was associated with favorable OS compared with the surgery group (HR = 0.29; 95% IC, 0.14-0.64; P = 0.0019). In the matched-pair population, major complications (DindoClavien grade 3-5) arose in six patients (14.63%) in the DCF group and seven patients (17.07%) in the surgery group (P = 1). Perioperative DCF chemotherapy is superior to surgery alone in terms of OS. A randomized phase III trial should compare DCF to standard perioperative regimens.
Introduction
Perioperative chemotherapy significantly increased the median overall survival (OS) and complete resection rate (R0) over surgery alone for resectable gastroesophageal adenocarcinoma (GEA) patients. In 2006, the randomized phase III MAGIC study compared three preoperative and ORIGINAL RESEARCH Docetaxel, Cisplatin, and 5-Fluorouracil as perioperative chemotherapy compared with surgery alone for resectable gastroesophageal adenocarcinoma three postoperative cycles of intravenous epirubicin, cisplatin, continuous infusion fluorouracil combination (ECF), versus surgery alone and reported an improvement in OS (hazard ratio (HR), 0.75; 95% CI, 0.60-0.93; P = 0.0009) and disease-free survival (DFS) (HR for progression, 0.66; 95% CI, 0.53-0.81; P < 0.001) for the chemotherapy group [1] . In 2011, Ychou et al. demonstrated that perioperative chemotherapy using fluorouracil plus cisplatin (CF) significantly increased OS (HR, 0.69; 95% CI, 0.50-0.95; P = 0.02) and DFS (HR, 0.65; 95% CI, 0.48-0.89; P = 0.003) [2] . Despite these encouraging results, the long-term outcome remains dismal, with less than 40% of patients alive at 5 years. These two trials (MAGIC and FNCLCC 94012 FFCD 9703) were the first studies to demonstrate better survival rates with a perioperative systemic approach for the treatment of localized GEA. The meta-analysis by Li et al. confirmed the benefit of neoadjuvant or perioperative chemotherapy in terms of survival rate [3] , and neoadjuvant chemotherapy is now considered as standard treatment for resectable GEA in Europe.
At the metastatic setting, the V325 study demonstrated that docetaxel, cisplatin, and 5-fluorouracil (DCF) significantly improved OS, time to progression, and quality of life over CF regimen [4] .
At the preoperative setting, encouraging results were observed with DCF in a phase II trial including 43 patients. Surgery was carried out in 95% of patients, 95% had R0 resection and 9% had a pathologic complete response (pCR). Three-year overall survival was 60%. No surgical mortality was observed in this study [5] .
To date, perioperative DCF was not compared to surgery alone. Thus, to gain insight into the relative efficacy of DCF regimen, the aim of this study was to assess efficacy of DCF regimen as perioperative chemotherapy compared with surgery alone in a large multicenter comparative cohort of patients with resectable GEA.
Patients and Methods

Patient selection
Two French databases, including consecutive GEA patients in a multicentric setting, were used: the retrospective national survey conducted at 19 French surgical centers between January 1997 and January 2010, and a retrospective regional Franche-Comté survey in 5 surgical centers, not included in the first survey, between January 1999 and December 2012.
Main inclusion criteria were as follows: resectable GEA (of the lower third of the esophagus or gastroesophageal junction or stomach), a proven histology of gastric adenocarcinoma, and absence of metastases. We identified patients who underwent surgery alone and those who received at least one cycle of DCF regimen consisted of docetaxel (75 mg/m 2 on day 1), cisplatin (75 mg/m 2 on day 1), and 5-fluorouracil (750 mg/m 2 /day on continuous perfusion on days 1-5), every 3 weeks. No patient received DCF regimen before 2003, so patients who underwent a surgery before 2003 were excluded. From a total of 2874 patients, 851 patients fulfilled our eligibility criteria (Fig. 1) .
Study analysis
We used clinical records to obtain at baseline the gender, age at diagnosis, tumor localization, signed ring cell histology, and clinical stage (by American Joint Committee on Cancer classification version 6). We also obtained the type of surgery approach, the extension of lymph node dissection, respectability and metastases at surgery, pathological stage, and pathological complete resection characteristic. We used Clavien-Dindo classification to grade surgical complications.
Statistical analysis
Qualitative variables were described using frequency and percentage with 95% CI, and continuous variables were described using mean (SD) and median (Min-Max). The differences in baseline characteristics between groups were tested using Fisher exact test or Student t test for categorical and continuous variables, respectively.
Propensity score analysis adjusts for the bias induced by nonrandom treatment assignment by comparing patients who had a similar likelihood of receiving a treatment but who received different treatments [6] . For this analysis, we used logistic regression to predict the likelihood that a given patient would receive treatment with DCF. In order to take into account all baseline covariates in a nonparsimonious way, the multivariate model included the following variables: age, gender, site of tumor, tumor stage (cT) (T0 + T1 vs. T2 + T3 vs. T4), nodal stage (cN) (N0 vs. N+), signet ring cell, and year of diagnosis (≤2006, 2006-2009, and ≥2009). The Hosmer and Lemeshow goodness-of-fit statistics and the area under the ROC curve were calculated to evaluate the adequacy of the model.
The primary outcome was OS, defined as time interval between start of preoperative treatment and death from any cause for patients who received DCF and time interval between surgery and death of all causes for patients who underwent surgery only. The secondary outcome was to assess compliance of DCF regimen.
We estimated the effect of treatment on survival using the following two approaches: matching and weighting by inverse probability of treatment (IPTW). OS was estimated using Kaplan-Meier estimation and described by median and 95% CI. For the matched-pair analysis, we matched each patient who received DCF with one who received surgery alone using caliper method with no replacement, with a caliper of 0.2 and a ratio of 1:1. To compare the groups, log-rank test, and univariate and multivariate Cox models were performed.
For the IPTW analysis, in the univariate and multivariate Cox models, patients who received DCF were weighted by 1/propensity score, whereas patients who underwent surgery only were weighted by 1/(1-propensity score).
In both matched-pair and IPTW analyses, variables associated with OS in univariate analyses with a significance level of P < 0.20 were included in multivariate analysis.
All of the tests were two sided, and P < 0.05 was regarded as significant. The analyses were conducted using SAS 9.3 (SAS, Cary, NC).
Results
Patients' characteristics
Among the 851 patients included, 789 were treated with surgery alone and 62 patients received DCF perioperative chemotherapy (Fig. 1) . Patients' characteristics are summarized in Table 1 .
In the multiple logistic regression analysis, younger age, esogastric junction and lower third esophagus location of tumor, more advanced stage, and later year of diagnosis were associated with the decision to use DCF regimen (Table S1 ). The AUC was equal to 0.93 and P value of Hosmer-Lemeshow test was equal to 0.52, showing a good adequacy of the model.
For the matched-pair analysis, 41 patients treated with DCF regimen and 41 patients treated with surgery only were matched based on their propensity score. This analysis eliminated the differences seen in the larger cohort (Table 1) .
Survival analysis
For the IPTW analysis, in the Cox multivariate analysis, the DCF group was associated with a favorable OS compared with the surgery group (HR=0.59; 95% CI, 0.45-0.78; P = 0.0003) ( Table 2 ). The other variables associated with favorable OS were as follows: younger age, gastric location of tumor, adenocarcinoma histology, lower cT stage, and later year of diagnosis ( Table 2 ). 
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For the matched-pair analysis, 20 and 13 deaths were observed in the surgery group and DCF group, respectively. Median OS was 22 months and 57 months for the surgery group and DCF group, respectively (log-rank P = 0.0011) (Fig. 2) . In Cox multivariate analysis, the DCF group was associated with favorable OS compared with the surgery group (HR = 0.29; 95% IC, 0.14-0.64; P = 0.0019) ( Table 3) .
Surgical results
The type of surgery, the extent of resection, and the pathologic tumor stage and nodal status for the observational dataset are described in the Table 4 . The incidence of postoperative morbidity was 52% in surgery group and 34% in the DCF group. Major complications (DindoClavien grade 3-5) arose in nine patients (14.5%) in the DCF group, and 89 patients (11.2%) in the surgery group (P = 0.57). The incidence of postoperative mortality was 3.2% in the DCF group and 2.9% in surgery group Table 4 .
The characteristics of surgery for the matched-pair population are described in the Table 5 . Major complications (Dindo-Clavien grade 3-5) arose in six patients (14.63%) in the DCF group and seven patients (17.07%) in the surgery group (P = 1). In the matched-pair analysis, R0 resection rate was 85% in surgery group and 93% in the DCF group (P = 0.48). Chemotherapy for Resectable Gastric Cancer F. Fiteni et al.
Compliance to DCF regimen
Among the 62 patients, 25 (40%) patients received three or more preoperative and postoperative DCF cycles, Table 5 .
Discussion
This study is the first head-to-head comparison between DCF regimen and surgery alone in resectable GEA. Being in the context of a retrospective study, we used propensity score analysis, a method designed to eliminate the bias caused by measured patient characteristics that affect both treatment and outcomes.
We showed a survival benefit with the use of DCF perioperative regimen with a HR of 0.29 (95% IC, 0.14-0.64) in the matched-pair analysis and 0.59 (95% CI, 0.45-0.78) in the IPTW analysis. The consistency of these two analyses strengthens our conclusions. In the large phase III MAGIC trial, the HR for OS with ECF regimen was 0.75 (95% CI, 0.60-0.93) compared to surgery [1] . In the phase III FFCD 9073 trial, the HR for OS with CF regimen was 0.69 (95% CI, 0.50-0.95) compared to surgery [2] . Even though the improvement of R0 rate observed in DCF group was not statistically significant compared to surgery group, it is one of the highest reported in the literature (93%). In MAGIC and FFCD 9073 trials, R0 rates were 69% and 84%, respectively [1, 2] . In 2012, Ferri et al. Figure 2 . Overall survival according to Docetaxel, cisplatin, and 5-fluorouracil (DCF) and surgery among matched sample (n = 82).
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conducted a phase II single-arm trial with DCF as perioperative chemotherapy in resectable GEA [5] . In this study, 3-year OS was 60%, which is comparable with our results (3-year OS = 67%). In MAGIC and FFCD 9073 trials, 3-year OS was 45% and 50%, respectively [1, 2] . These results suggest the potential additional benefit of docetaxel in perioperative setting in terms of OS.
The DCF regimen is generally considered to be a toxic regimen due to high rates of myelosuppression. In our study, the toxicities were not reported because of a high rate of missing data in the clinical records. However, compliance rate (40%) was comparable with that reported in the MAGIC trial (41.6%) and no treatment-related death was observed [1] .
Other docetaxel-containing perioperative regimens were assessed in phase II trials in resectable GEA. They demonstrated the feasibility of these regimens, and a high R0 rate (90-96%) [7, 8] . Pathological complete responses (pCR) were 10-17% in these taxane-based regimens [5, [7] [8] [9] [10] . In our study, the pCR was lower than these trials (7%). However, it was higher than surgery group (1.4%), as well as MAGIC ECF protocol (no pCR reported) and FFCD 9703 CF protocol (3%) [1, 2] . Previous reports confirmed the pCR rate as an independent prognostic factor of OS in GEA patients [11] [12] [13] [14] .
In our study, postoperative morbidity and mortality were observed in 14.5% and 3.2% of the patients in DCF group. Even though these rates are slightly higher than 10% of morbidity and 0% of mortality reported by Ferri et al. in selected patients, they are similar to S group [5] .
Our study does have other limitations. First, sample size of DCF arm was only 62. Then, as it is a retrospective study and even though different validated statistically analyses were applied to eliminate differences between two groups, uncontrolled biases are still possible and PS method cannot provide the level of evidence of randomized trials. However, the efficacy of DCF regimen is concordant to previous results observed in different phase II trials. Then, adverse events of DCF regimen could not be estimated.
The neoadjuvant approach with docetaxel-based chemotherapy continues to be investigated in prospective randomized trials. The German AIO phase II/III FLOT4 study randomized 714 patients with resectable GEA either to the standard six cycles of perioperative ECF or to four cycles of 5-FU, leucovorin, oxaliplatin, and docetaxel (FLOT) preoperatively and four cycles of FLOT postoperatively. Phase II data presented at the 2015 ASCO Annual Meeting showed that pCR rates were 12.8% with FLOT versus 5.1% with ECF. Korean investigators are combining docetaxel, oxaliplatin, and S-1 as neoadjuvant therapy in addition to standard S-1 adjuvant therapy for resectable but locally advanced GEA (T2-3/N+ or T4/N either +/-) in the PRODIGY trial. Finally, the German NEO-FLOT trial mirrors the PRODIGY trial, but uses 5-FU and leucovorin instead of S-1, with slightly lower doses of oxaliplatin. The results of all three 
Conclusion
In conclusion, this population-based study showed that perioperative DCF chemotherapy in resectable GEA is superior to surgery alone in terms of survival. A randomized phase III trial is needed to compare DCF to standard ECF or CF regimens to investigate the potential survival benefit of docetaxel in perioperative setting in resectable GEA. Future trials should also include a quality-of-life analysis to evaluate the clinical benefit between these regimens.
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